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(54) FLOW RATE CALCULATING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a flow rate calculating 
device capable of precisely calculating the flow rate of fluid passing 
through a ventilation path. 

SOLUTION: This flow rate calculating device calculates the air flow 
rate passing through a throttle valve 23 provided on the way to an 
intake pipe 20. On the assumption that the flow rate of fluid 
passing the throttle valve 23 is set to mt, the opening area of the 
throttle valve 23 is set to Ad, an upstream pressure in the 
upstream side of the throttle valve 23 is set to Pu f an upstream 
density in the upstream side of the throttle valve 23 is set to pu, a 
downstream pressure in the downstream side of the throttle valve 
is set to Pd f and a specific heat ratio of the passing air is set to k, 
the air flow rate mt is calculated from the following expression. mt= 
Ad.(Pu.pu)1 /2.((((k-1 )/(2.k)).(1 -Pd/Pu)+Pd/Pu).(1 -Pd/Pu))1 /2. 
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* NOTICES * 

iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] In the flow rate calculation equipment which computes the fluid flow which passes the adjustable 
converging section formed in the middle of an aeration path The opening area of mt and said adjustable 
converging section for said fluid flow which passes said adjustable converging section Ad, The upper 
consistency of the upstream of said adjustable converging section [ in / for the upper pressure of the upstream of 
said adjustable converging section in said aeration path / Pu and said aeration path ] rhou, Flow rate calculation 
equipment characterized by having an operation means to compute said fluid flow mt by the following formulas 
when the ratio of specific beat of Pd and said fluid is set to k for the down-stream pressure of the downstream of 
said adjustable converging section in said aeration path. 
mt=Ad (Pu-rhou), 1/2 (k-1) (/(2andk)) (-(1-Pd/Pu)+Pd/Pu) (- (1-Pd/Pu)), 1/2. 

[Claim 2] Said operation means is flow rate calculation equipment according to claim 1 characterized by 
computing said fluid flow mt using the following formulas. 
mt=Adand(Pu-rhou) 1/2, andphi (Pd/Pu). 

In addition, Function phi (Pd/Pu) is 1/2 at the time (k-1) of 1/2 and (Pd/Pu)> (l/(l+k)) (/(2andk)) (-(1-Pd/Pu) 
+Pd/Pu) (- (1 -Pd/Pu)) at the time (k/(2- (k+1))) of (Pd/Pu)<= (l/(l+k)). 

[Claim 3] Said adjustable converging section is flow rate calculation equipment according to claim 1 or 2 
characterized by being the throttle valve prepared in an internal combustion engine's inhalation-of-air path. 
[Claim 4] Said adjustable converging section is flow rate calculation equipment according to claim 1 or 2 which 
is a duty control valve and is characterized by setting up said opening area based on duty ratio. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the flow rate calculation equipment which computes the fluid 

flow which passes the adjustable converging section formed in the middle of an aeration path. 

[0002] 

[Description of the Prior Art] It is the inhalation air content calculation approach which computes the air 
content inhaled by an internal combustion engine's cylinder through the inlet pipe equipped with the throttle 
valve, and it considers that a throttle valve is an orifice and what calculates the air content which passes through 
that according to a throttle opening using the formula of hydrodynamics is known so that JP,6-74076,A may 
indicate an aeration path conventionally as the technical technique which computes the flow rate of flowing 
fluid and which carries out flow rate calculation. 

[0003] This flow rate calculation approach presupposes that it computes so that next presumed calculation may 
not be influenced, even if there is that presumed error while raising the presumed precision of a flow rate using 
a real pressure on the occasion of flow rate calculation. 
[0004] 

[Problem(s) to be Solved by the Invention] however, the fluid which uses the relational expression of adiabatic 
change and circulates by this flow rate calculation approach — setting — etc. — from [ computing the flow rate 
on the assumption that entropy conditions are satisfied ] — etc. ~ there is a trouble that an exact flow rate is 
uncomputable under the situation that entropy conditions are not satisfied. Since ** entropy conditions are not 
necessarily satisfied when computing the air content which flows an internal combustion engine's inlet pipe 
especially, calculation of an exact flow rate is difficult. 

[0005] Then, this invention is made in order to solve such a trouble, and it aims at offering the flow rate 
calculation equipment which can compute the flow rate of flowing fluid for an aeration path to accuracy. 
[0006] 

[Means for Solving the Problem] Namely, the flow rate calculation equipment concerning this invention is set 
to the flow rate calculation equipment which computes the fluid flow which passes the adjustable converging 
section formed in the middle of an aeration path. The opening area of mt and an adjustable converging section 
for the fluid flow which passes an adjustable converging section Ad, When the ratio of specific beat of Pd and a 
fluid is set to k, the down-stream pressure of the downstream of an adjustable converging section [ in / for the 
upper consistency of the upstream of an adjustable converging section / in / for the upper pressure of the 
upstream of the adjustable converging section in an aeration path / Pu and an aeration path / rhou and an 
aeration path ] It is characterized by having an operation means to compute the fluid flow mt by the following 
formulas. mt=Ad (Pu-rhou), 1/2 (k-1) (/(2andk)) (-(1-Pd/Pu)+Pd/Pu) (- (1-Pd/Pu)), 1/2. 

[0007] Moreover, the flow rate calculation equipment concerning this invention is characterized by the above- 
mentioned operation means computing the fluid flow mt using the following formulas. mt=Adand(Pu-rhou) 1/2, 
andphi (Pd/Pu). In addition, Function phi (Pd/Pu) is 1/2 at the time (k/(2- (k+1))) of (Pd/Pu)<= (l/(l+k)), and is 
1/2 at the time (k-1) of (Pd/Pu)> (l/(l+k)) (/(2andk)) (-(1-Pd/Pu)+Pd/Pu) (- (1-Pd/Pu)). 

[0008] Moreover, the flow rate calculation equipment concerning this invention is characterized by the above- 
mentioned adjustable converging section being the throttle valve prepared in an internal combustion engine's 
inhalation-of-air path. 

[0009] Moreover, the above-mentioned adjustable converging section is a duty control valve, and the flow rate 
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calculation equipment concerning this invention is characterized by setting up opening area based on duty ratio. 
[0010] According to these invention, since the fluid flow is computed without being based on the relational 
expression of adiabatic change, calculation of the fluid flow can compute to accuracy under the conditions on 
which entropy conditions are not satisfied. 
[0011] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a detail with 
reference to an accompanying drawing. In addition, in explanation of a drawing, the same sign is given to the 
same element, and the overlapping explanation is omitted. 
(The first operation gestalt) 

[0012] The explanatory view of the flow rate calculation equipment applied to this operation gestalt at drawing 
1 is shown. 

[0013] As shown in this Fig., the flow rate calculation equipment concerning this operation gestalt is applied to 
the calculation of an air content which passes the throttle valve 23 of the inlet pipe 20 of an engine 2. The 
engine 2 is equipped with the adjustable valve timing device 5 in which have an adjustable valve gear, for 
example, the closing motion timing of an inlet valve 3 and an exhaust valve 4 is changed. 
[0014] It connects with ECU6 electrically, and the adjustable valve timing device 5 operates based on the 
control signal outputted from ECU6, and outputs the detecting signal about valve timing to ECU6 through the 
detection sensors 7, such as a cam position sensor. 

[0015] The crank position sensor 12 is formed in the engine 2. The crank position sensor 12 is a sensor which 
detects an engine speed, and it connects with ECU6 and it outputs a pair necropsy appearance signal to ECU6. 
[0016] The injector 9 which injects a fuel is formed in the combustion chamber 8 at the engine 2. An injector 9 
is a fuel-injection means to supply a fuel to a combustion chamber 8, and is installed every cylinder 10 with 
which an engine 2 is equipped. The combustion chamber 8 is formed above the piston 1 1 arranged in the 
cylinder 10. The inlet valve 3 and the exhaust valve 4 are arranged in the upper part of a combustion chamber 8. 

[0017] The inlet pipe 20 which consists of an intake manifold etc. is connected to the upstream of an inlet valve 
3. The air cleaner 22 is installed in the upstream of an inlet pipe 20. Moreover, the throttle valve 23 is formed in 
the middle of the inlet pipe 20. 

[0018] A throttle valve 23 is an adjustable converging section formed in the middle of an inhalation-of-air path, 
operates based on the control signal of ECU6, changes a throttle opening, and changes the opening area of an 
inhalation-of-air path in connection with it. The throttle opening of a throttle valve 23 is detected by the throttle 
position sensor 24, and is inputted into ECU6. 

[0019] The air flow meter 25 is formed in the down-stream location of an air cleaner 22. An air flow meter 25 is 
an inhalation air content detection means to detect an inhalation air content. The detecting signal of an air flow 
meter 25 is inputted into ECU6. 

[0020] ECU6 controls the whole equipment of flow rate calculation equipment, and the computer containing 
CPU, ROM, and RAM is constituted as a subject. The various control routines which contain a flow rate 
calculation routine in ROM are memorized. 

[0021] Next, actuation of the flow rate calculation equipment concerning this operation gestalt is explained. 

[0022] Drawing 2 is a flow chart which shows actuation of flow rate calculation equipment. 

[0023] Step S10 (it is only hereafter indicated as "S10".) of this Fig. Suppose that it is the same about other 

steps. Reading of the throttle opening TA, engine-speed NE, and valve timing VT is performed. 

[0024] Reading of the throttle opening TA is performed based on the output signal of a throttle position sensor 

24. Reading of an engine speed NE is performed based on the output signal of the crank position sensor 12. 

Reading of valve timing VT is performed based on the output signal of the detection sensor 7. 

[0025] And it shifts to SI 2 and the operation of the air flow rate mt which passes the throttle valve 23 of an inlet 

pipe 20 is performed. The operation of this air flow rate mt is performed based on the following formula (1). 

[0026] 

mt=Adand(Pu-rhou) 1/2, andphi (Pd/Pu) .... (1) 

[0027] Here, Function phi (Pd/Pu) is 1/2 at the time (k/(2- (k+1))) of (Pd/Pu)<= (l/(l+k)), and are the time (k-1) 
of (Pd/Pu)> (l/(l+k)) (/(2andk)) (-(1-Pd/Pu)+Pd/Pu) (1-Pd/Pu), and 1/2. 

[0028] Moreover, it is the ratio of specific beat of the air with which the upper pressure of the upstream of the 
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throttle valve 23 of an inlet pipe 20 and rhou are inhaled for opening area [ in / in Ad / the location of the 
throttle valve 23 of an inlet pipe 20 ], and Pu, and the down-stream pressure of the downstream of the throttle 
valve 23 of an inlet pipe 20 and k are inhaled for the upper consistency of the upstream of the throttle valve 23 
of an inlet pipe 20, and Pd. 

[0029] The operation of the concrete air flow rate mt is performed as follows. 

[0030] Since it is decided that an air flow rate and the pressure-of-induction-pipe force will be meaning when an 
engine 2 is a steady state, if the amount of steady flows at this time is set to mtTA and static pressure is set to 
PdTA, the following formula (2) will be materialized based on an above-mentioned formula (1). 
[0031] 

mtTA=Adand(Pu-rhou) 1/2, andphi (PdTA/Pu) .... (2) 

[0032] Here, if it supposes that a formula (1) is materialized also in transients other than a steady state, and is 
dealt with as that for which Ad (Pu-rhou) and 1/2 do not depend on up-and-down differential pressure by the 
same throttle opening in a formula (1) and a formula (2) and Ad (Pu-rhou) and 1/2 are eliminated by the 
formula (1) and the formula (2), the following formula (3) will be obtained. 
[0033] 

Mt=mtTA-phi(Pd/Pu)/phi (PdTA/Pu) .... (3) 

[0034] And since the throttle opening TA, engine-speed NE, and valve timing VT can determine mtTA at the 
time of a steady state, and phi (PdTA/Pu), mtT A/phi (PdTA/Pu) is set up as a table of the throttle opening TA, 
engine-speed NE, and valve timing VT, and phi (Pd/Pu) is set up as a table of Pd. 

[0035] Thereby, according to the throttle opening TA, engine-speed NE, and valve timing VT, the air flow rate 
mt which passes a throttle valve 23 is computable using a formula (3). 

[0036] In addition, in calculation of the above-mentioned air flow rate mt, the air flow rate mt of a transient may 
be computed by setting up mtTA and PdTA at the time of a steady state as a table of the throttle opening TA, 
engine-speed NE, and valve timing VT, respectively, setting up phi (Pd/Pu) as a table of Pd, and referring to by 
Pd and PdTA. 

[0037] Moreover, since the inhalation air content to the throttle opening TA and an engine 2 is equal in the case 
of a steady state, the air flow rate mt of a transient may be computed by setting up PdTA as a table of the 
throttle opening TA, engine-speed NE, and valve timing VT, computing mtTA, setting up phi (Pd/Pu) as a table 
of Pd, and referring to by Pd and PdTA with a charging efficiency. 

[0038] Moreover, the upper pressure Pd may form a pressure sensor in an inlet pipe 20, may use an actual 

measurement for it, and may determine it by presumption from detection values, such as an air flow meter 25. 

Furthermore, the table of phi (Pd/Pu) may set an argument to Pd, or may make it Pd/Pu. 

[0039] Next, the calculation result in the flow rate calculation equipment concerning this operation gestalt is 

explained. 

[0040] The calculation result of the throttle passage air content in the flow rate calculation equipment applied to 
this operation gestalt at drawing 3 , the calculation result of the throttle passage air content in the flow rate 
calculation equipment used as the example of a comparison, and the location survey result of a high response 
flowmeter are shown. Time amount change of a throttle opening [ in / in drawing 4 / calculation of drawing 3 ] 
and drawing 5 express time amount change which is the pressure-of-induction-pipe force (intake pressure). 
[0041] As shown in drawing 3 , it turns out that the calculation result in the flow rate calculation equipment 
concerning this operation gestalt is well followed in the actual measurement of a high response flowmeter, and 
the flow rate is computed by accuracy. On the other hand, it turns out that the calculation result in the flow rate 
calculation equipment used as the example of a comparison is not followed in the part into which the passage 
air content started at the actual measurement of a high response flowmeter, and the flow rate is not computed by 
accuracy. 

[0042] Here, what computes the throttle passage air content mt based on the following formula (4) was used for 

the flow rate calculation equipment used as the example of a comparison. 

[0043] 

mt=Ad (Pu-rhou), 1/2, phi 1 (Pd/Pu) .... (4) 

[0044] Functions phi 1 (Pd/Pu) are 1 (2/(k+l))/(k-l) (2.k/(k+l)) and 1/2 here at the time of (Pd/Pu)<=(2/(k+l)) 
k/(k-l). It is 1 (- (2 / k-(Pd/Pu) (k+l)/k) (2.k/(k-l)) (Pd/Pu))/2 at the time of (Pd/Pu)>(2/(k+l)) k/(k-l). 
[0045] the formula (4) of calculation of this example of a comparison — a law of mass conservation (formula 
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(5)) and the law of conservation of energy (formula (6)) — reaching — etc. — it is the formula drawn by the 
relational expression (formula (7)) of the adiabatic change on condition of entropy condition formation. 
[0046] 

Au-rho u-vu=Ad-rho d-vd .... (5) 
[0047] 

vu2/2+(k/(k-l)) -(Pu/rhou) =vd2/2+(k/(k-l)) - (Pd/rhod) .... (6) 
[0048] Pu/rho uk=Pd/rho dk .... (7) 

[0049] In addition, rhod is [ the air rate of flow of the upstream of a throttle valve 23 and vd of the down-stream 
consistency of the downstream of the throttle valve 23 of an inlet pipe 20 and vu ] the air rates of flow of the 
downstream of a throttle valve 23. 

[0050] On the other hand, the flow rate calculation equipment concerning this operation gestalt is computing the 
throttle passage air content mt based on an above-mentioned formula (1). A formula (1) is a formula drawn by 
an above-mentioned law of mass conservation (formula (5)), the law of conservation of energy (formula (6)), 
and the following law of conservation of momentum (formula (8)). 
[0051] 

rhod-vd2, Ad-rhou-vu2, andAu=Pu-Au-Pd-Ad+p- (Ad-Au) .... (8) 

[0052] In addition, p is the whole upstream mean pressure of a throttle valve 23. 

[0053] If the opening area Au of the upstream is considered as infinity when it considers as the opening area Au 
of the upstream of a throttle valve 23, consistency rhou, a pressure Pu, and the rate of flow vu and considers as 
the opening area Ad of a throttle valve 23, consistency rhod, a pressure Pd, and the rate of flow vd, as shown in 
drawing 6 , it will be set to vu=0 from the law of mass conservation of a formula (5). 
[0054] Moreover, if vu=0 is taken into consideration, it will become p=Pu from the law of conservation of 
momentum of a formula (8). Therefore, a law of conservation of momentum serves as rhod-vd2=Pu-Pd. 
[0055] Therefore, a formula (1) and (the case of (Pd/Pu)> (l/(l+k))) are drawn as a throttle passage air content 
mt. Drawing 7 graph-izes phi (Pd/Pu) of the formula (1) in the flow rate calculation equipment concerning this 
operation gestalt (in the case of k= 1 .4). 

[0056] As mentioned above, according to the flow rate calculation equipment concerning this operation gestalt, 
the air flow rate which passes the throttle valve 23 of an inlet pipe 20 is computed using the formula (1) drawn 
by a law of mass conservation (formula (5)), the law of conservation of energy (formula (6)), and the law of 
conservation of momentum (formula (8)), without being premised on ** entropy condition formation. For this 
reason, the throttle-valve 23 passage air flow rate in which ** entropy conditions are not necessarily satisfied is 
computable to accuracy. 
(The second operation gestalt) 

[0057] Next, the flow rate calculation equipment concerning the second operation gestalt is explained. 
[0058] Although the flow rate calculation equipment concerning the first operation gestalt explained the case 
where it applied to the calculation of an air content which passes the throttle valve 23 of the inlet pipe 20 of an 
engine 2, the flow rate calculation equipment concerning this operation gestalt is flow rate calculation 
equipment which computes the fluid flow which passes the adjustable converging section formed in the middle 
of an aeration path, and when an adjustable converging section is a duty control valve, it is applied. 
[0059] For example, control valves, such as an EGR valve and a purge control valve, repeat ON and OFF, and 
the flow rate calculation equipment concerning this operation gestalt is applied to what computes the flow rate 
which circulates using the formula (1) mentioned above when duty control was carried out and the fluid flow 
was adjusted. 

[0060] In this case, when the control frequency of duty control is smaller than the count frequency of a flow 
rate, an opening area actual as an opening area Ad of a formula (1) is substituted, and calculation of a flow rate 
is performed. 

[0061] On the other hand, as shown in drawing 8 , when the control frequency of duty control is larger than the 
count frequency of a flow rate, the opening area Ad of a formula (1) is set up based on the duty ratio of duty 
control. That is, the average opening area in computation time spacing deltat is used as an opening area Ad, and 
calculation of a flow rate is performed. 

[0062] Even if it is in the flow rate calculation equipment concerning such this operation gestalt, calculation of 
a flow rate is possible like the flow rate calculation equipment concerning the first operation gestalt, and the 
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fluid flow which passes an adjustable converging section can be computed to accuracy. 
[0063] 

[Effect of the Invention] Since the fluid flow is computed without being based on the relational expression of 
adiabatic change according to this invention as explained above, calculation of the fluid flow can compute to 
accuracy under the conditions on which entropy conditions are not satisfied. 

[Translation done.] 
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[Drawing 6] 
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ftEMffttlgaCHT -5 fc©T£>-5. 
[0 0 0 2] 

[fiE*©s^] fie*, aftHEs«aEti<&deff«)flEs«rff 

ffl-r*««»tHT*tt«#«<!:LT. 4^^^6-74 0 
ttl-r*!»Affi««J|Cffl*ttT»^T. 7D 7 h)^^ 

[0003] na>mmMm^m\t. mmwanz^Lms. 

*«rm>T*«©MJfctt**fa±S-B- -eoDjg 
o T b*IB©tt£ff{ij \z&m Ute H J: 3 C* 



[0 0 0 4] 

L«fc 5 &T*«H] L*>Lft#e>, ^©SS 

gma^&Ttt. WMX{bon«3C»fflir>Tfio. csa 

[0 0 0 5] -*JiT:«e9!tt. n©J:-5;MMM[feA» 
-r4&«fcfcSnfcfc©-p*-3T. aAStt£gBttSdK 

[0 0 0 6] 

«a*«fi*-rajt«>©#&] raw?*. *x9icffi« 
t. w^offl*aa-r*gs#:©giEg$mt. BTjaao 

gB©BI§n®«£Ad. am^gS»c*5tj-^PJ^iKDgC©± 
ififfl<J©-LijSffi;>j£Pu. 9A&»C43l?S3JXtgQ8g© 
±8E«© ±aE!SflE£ p u . 9ASKlc«»t« 0 SB 
©T^S©T»ftEE;*j£Pd. gg^rolt^Jt^kib^ii 

aSMftCiS^in. mt=Ad- (Pu-p 
u) 1/2- ( ( ( (k- 1) / (2 - k) ) • (1-P 
d/Pu) + Pd/Pu) • (1-Pd/P 
u) ) 1/2. 

[0007] ±&.*st9itzm*atammi*mfa mwe> 

ZtZftmizTz. m t =Ad • (Pu-ou)i/2- 

* (Pd/Pu) . ft*. WgSt* (Pd/Pu) tt, 
(Pd/Pu) g (1/ (l+k) ) ©i* (k/ (2 

• (k+1) ) ) i/it*D. (Pd/Pu) > (1/ 

(1 + k) ) ©4* ( ( ( (k- 1) / (2 • k) ) • 

(1 -Pd/Pu) +Pd/P u) • (1-Pd/P 
u) ) 1/2T26-5. 

[0008] *;t*fg?gic{fc*»sfimffi£©fa, Bfrai© 
[0 0 0 9] £^«nic««»«[tueca. f?ra>© 

[0 0 10] Cti&©K9]fc:J:*itt. «J»«fl:©H«St 
(CS^T<Coft^©o!taSrg[/±j-rs^:s!), ^x> |> d tf 

^*^jiL,^£l^f!|=©TTgK#©ata©3Sai*tiE«Sfc 
[0011] 

o*«i©»i8si¥aiic»iM-r-s. ft*. HBtownc* 
uTiB)-©g?mi=«iwi-©^$-#L. a«-r*Kw* 



(3) 



2002-1 30039 



[0 0 13] *i^TJ:5i:, *HJ6®Sg<c«*gg« 

ffttlSMUs X>y>2 0KIf2 0(D7,ay bJWVb 

ttwwj*^ ^ >#mm 5 si^ti^. 

[0014] Pl«y^^^-f 5 >^«» 5 tt, ECU6 

&£±Jiz>+>- 7 ^ITEC U 6 \Z/W7*<i S >tf\zm 

[0 0 15] X>y>2CH ^ ^>^^^~>3 >ir> 
iJ- 1 2 tiTl>S. ^^>i7 3^> ? ->3>ir>tM 

2tt, X>i^>iae»Sr*ffl-r*-fe>-9"T*D. ECU 
6<h««Sn. ECU6IC»U«ttS«-9Sffl*-r-5. 

[0016] X>S» 2 tcte, Jfttt£ 8 

>y>2^m^y'j>yi o r&icRBdtrrt^. 
iti8n ->y>^i ortfcEK$nfcfcr^h>i i 

[0 0 17] Wzm.#3CD±tfrM\Zte. 

^hv^^b^^sgf 2 om^nTi^o 

. 2 0<O±8fEfliJt3tt, X7?U-t2 2*«R«SftW 

[0 0 18] XDyhJW^2 3lt »fiUS&©a£* 

m t =A d • (P u • p u) 
[0 0 2 7] M£fr<J> (Pd/Pu) tt, (Pd 

/Pu) ^ (1/ (1+k) ) (k/ (2 • (k 

+ 1) ) ) (Pd/Pu) > (1/ (1 + 

k) ) <D£& ( ( (k- 1) / (2 • k) ) - (1-P 
d/Pu) +Pd/Pu) • (1-Pd/Pu) ) 1/2 

[0 0 2 8] 2ifz. AdMSf 2 0©7P7 MP/WU 
Z?2 3<DQ[S\Z$>V2>momS, PuliKIf2 0£OX 
□ y Y)Vrt)\,-72 3 (0±iffifl4<0±«tflEA, p u 
2 00^07 Y)Vn)V~f2 3<D±m&l(D±mmm, Pd 

m t ta=A d • (P u • p u) 

[0032] a (i) 3W«#«j8£iin©a«tt 

SSTfcjacftT^tL/, 5t (1) Stfit (2) Ci3UTH 
-XD 7 hi«TAd • (Pu • pu) iWiT© 
H/3E(ltt?¥L/j:lit><7>iLTffiOat^ it (1) StfiC 

m t =m t ta * <J> (Pd/Pu) /<J> (PdTA/Pu) 



4(CJ:9&tfcJ£n, ECU6l:AA$h5, 
[0019]X7^'J-t2 2©T»tt«lr«, X77 

sit *AS«»**ai-r*9ftAsaft««a^iis:T* 

4. X77D-^-^2 5CDttHHHJH ECU6KA 

[0020] ECU6H %S9tUSSO(KB±ffOfH 
ffl^fT^fc^T&D, CPU. ROM, RAM^3 
>tf3. — ^€:±*iLTM^nT^So ROMCH 

[0 0 2 1 ] jfcfc, *Xi(!Wtt(cff«aE*JFttlS1l0M 
[0 0 2 2] 0 2te, »«J*ttig«<D«rflsSS-r:7n-- 

[0023] *Hco^7 L ^^ r s i o (j&it, miz rs 1 

[0 0 2 4] XUy h;UBB«TAOR^a*tt % 
-So X>v?>[5j£»NE<Dg^j&^te. {75>&&i?zs 

a>-fe>U-i 2©a*«^k:*t?^Tfftoti*. amp:/ 

[0 0 2 5] -t LXs S 1 2\zm=f\^ SSff2 0 
D y h;^N*;i/> r 2 3 *»»-r5£«8Mbn t <B»***fr 
^>n^>o C^Mgtlmt^IH &<7>5$ (1) ICS 

[0 0 2 6] 
J/2- 0 (Pd/Pu) (l) 

tt»«*2 O^ny V)Vn)V72 3 <&TStffl!j©T«tff 

[0029] *#wags»««m t onara. 

[0 0 3 0] X>^>2 3&«*#tt|BT**i*»Cttffia 

^tSS^rmtTA, ^^EE^^rP dTA£"f Z>t, ±i$<>D5t 
(1) KS^UT, (2) 
[0 0 3 1 ] 



»/Z • <J> (PdTA/Pu) 
(2) i:iOAd • (Pu 
#<25t (3) tf»6n5. 
[0 0 3 3] 



(2) 
• P u) 



(3) 



(4) 
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[0 0 3 4] ^IT, fel£Wmm<Drn tuRlfO. (Pd 

ta/Pu) \*7>Uy huhkta* x>v*>ehern 

E, 5>i/VTJCJ:D»3£7f#«>OT, mt 

ta/<J> (PdTA/Pu) Sr^Dy h;UBBSTA, X>^ 
>IsieS:NE. AJW-f $ >^VT©f-^l/<!: LT 
RftU <*> (Pd/Pu) SPdOf-^tlTRS 

[0 0 3 5] ^nCiO, ^DyHHISTA, x>>* 
>lHlg»NE, /W^f-I *>ifVTlZ&\,\ St (3) 

[0 0 3 6] «f^<B35ft8E«m t <&3»HiK*V> 

T> **tt«S»Om tTAatfPdTA**n«Fti^Dy h 
JHJBKTA, x>y>@6SNE, JVUzf*'ts.>ifv 
T©r-^tLTRSL, <J> (Pd/Pu) ^PdO 
f-^l/tl/TRSlPd, PdTAT#BBTSc:t^«k 

[0 0 3 7] j£*ttffl<0»£\ XPyhWST 

A i:l>y > 2 ^® A^Ittf L^OT, PdTA^ 
XD 7 hMMTA, I>5;>!aieRNE, 

mtTA**ttiU <J> (Pd/Pu) 

LTBBfcLPd. PdTAT?#HBT*e:ttJ:0. i®M#c 

rn t — A d • (P u • p u) 
[0 044] CCT. iS<1>l.(Pd/Pu) tt, (P 
d/Pu) ^ (2/ (k+1) ) k/(k-l> (2 
/ (k + 1) ) i/(k-i) . (2 • k/ (k + 1) ) l/2-C 
£>0. (Pd/Pu) > (2/ (k+1) ) k/(k-l)co 
<h#JC ( (2 • k/ (k-1) ) • ( (Pd/Pu) 
2/k- (Pd/Pu) (k+D/k) ) l/2T$5 e 
[0 0 4 5] C(0ttttW©J»ttl<05S (4) tt, HftftfiF 

vu2/2+ (k/ (k-1) 
(k-1) ) (Pd/pd) ---- 
[0 0 4 8] P u/p uk=p d/p dk (7) 
[0 0 4 9] ^ pdil 0<D7sUy h)W* 

^2 3CD±8SfflOO^gigS3i, vdtt, 7Pyh^/W7 

[0 0 5 0] — **S6^Jg4^-5ifi*^mgSW:, 

pd • vd2-Ad — pu * 
• (Ad-Au) •••• (8) 
[0 0 5 2] ft*, pl^Dy h)WVl~72 3<D±m<D 

[0 0 5 3] me\Z7rcr&0\Z. 7.Uyh)WVV72Z 

utL XD7 b)WVU m 72 3GDf^P35*fiAd, Sit P 
d, JE^Pd. &G8vd£Lfe£:*l;:. ±8a«<0Hinffi 
*SAu£^PM*£LT%;t£>£, 5£ (5) OMfitfiFJM 
vu = 0<hft:£>. 



[0 0 3 8] ±8lEAPdli »af2 0CE* 

<J> (Pd/Pu) (^f-7;Hl 3l»€:Pd»ZL 
Tt>, Pd/Pul:LTt>J:^. 

[0039] sfcc* *iws^»^«^«ta©ajsa^*3 
[0040] 03 ic*ikiB«iB(z««auffaittaic« 

[0 0 4 1] B3£**?J:3lc. *£Jg8?SBt;:ffi&dE* 

[0 0 4 2] dCT> itttM&aidffaiFffittBtt. X 
□ ^ hJloliiffijUmt«]fcCDSC (4) ^ffi 

[0 0 4 3] 
1/2 - * 1 (Pd/P u) •••• (4) 

M (5t (5) ) . x*;^«#M (St (6) ) &tf^x 
>hDt-*#j«Stfem«tr*»»»fc©BB«5C (St 

(7) ) iz&q* wswafest-e**. 

[0 0 4 6] 

Au • pu • vu=Ad • pd • vd (5) 

[0 0 4 7] 

) • (Pu/pu) =vd2/2+ (k/ 
(6) 

ulth*. sc (i) ±acD*«««fl«. (sc 
(5) ) . -x^uir^#j« (st (6) ) Rzf&ommm 
moBHA (8) ) cio., **n«£T&«. 

[0 0 5 1 ] 
u 2 * A u = P u - Au-Pd • Ad + p 

[0 0 5 4] Sit, S (8) (Da»*«fiFS0A^6». vu 
= 0 *>#lTf 3<t, p = PutW. «EoT, 31Iftfi« 
EFffJU. p d • vd2=Pu-Pd£&£>. 

[0 0 5 5] t$Atr> *d-/ h;naa«»mt <hb 
T\ it (1) ( (Pd/Pu) > (1/ (1+k) ) 00 

j8«lc*tt*5£ (1) <2<D (Pd/Pu) 5:7ft L 
fcfcflreft* (k=l. 4CD«-&) c 
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[0056] &_t<z>«fc-5K:, ^mm^wnz^&iZMm 
»a«??pjj (sc (5) ) . x*ji^a#M (sc 

(6) ) RtfiUMMMMM (SC (8) ) IC J; 0***1* 
SC (1) Sffl^T, ®Mf2 0©7O7hM^2 3 

[0 0 5 7] *{Z^-^^Jw#*05t«»tBgStw-p 

[0 0 5 8] ^-^5E^II«*gitfi^ai^T-{4x> 
i7>2©©a ! i : 2 0<DXuy 3S-ilig-r-5 

mmmjz^mm.Mtammi l t. m%.m?&<D&<t>izgstvz> 

[0 0 5 9] Wttf. *^J6J^SiC«*gSEfiSCaiSS 

*m oiLtra — 7- 4 —mm a nawfrwaEaauw a 

*iS«-&k:.te^T. ±.iELfciC (l) ^fflViTgSii-r-S 

[0060] ^a.—^—mmmtmmvak 

tfdUOftffJattft^Qfe/hSi^&eKitt. 5£ (1) © 
BSPffiWA d <»: UTg£PS©Hf§ DSffl^ttA UTSt«©# 

[0 0 6 1] -J, 0 8 IC^-T cfc O ^3.— T-'C— tw 
«l©M«IM&ft#f8Ka©trJMi&ScJ: 0 i>*g^£g\Z 
tt. 5£ (1) ©IHiQSIf Adtiu 5*3.— -HMOS* 
a.— Jtt»-^v»TlB6S*a-5. TttfeS. HQS' 



«A d £ LT. trffttRfflffiA t K*W*^Waffi« 
[0 0 6 2] C©J:3&*JfcttKffie««aaJ|||}£B 

tft^Tfe. a-fta&aizaaaaffttiga^ntttic 
aa*iEa»caHir*^i36«T**. 

[0 0 6 3] 

[«9§©J»«] RfcK9!lxfcJ:3C*B9iK:J:*itt. bs 

j»*<t©M«ac*tJ3a»r»c»#oaEatj|[iii-r*fc 
a©»ajs*jE«cjnnT**. 

[0®©fBW&SftBJi] 

[b i ] *RW©«-*tt#*ic««*a»tii«a©Bi 

0J0T*3&£. 

[02] 01©giig»tBgjg©lbf££^-r:7ni~?-^- 

[B3] ■ i©**jra«a©jiwttJit&Ri'&B-r* 

[04] H3C*W7Dy hfl'HftcafbSriSLfcB 

[0 5] H3l:*»t536ai©MSiSl/fc0T?*5. 
[0 6] m©dMUFU£B£*3t?Sfftt]5£©tt91BIT 

[0 7] Hi©«a«m«afc#tts»ffl5£*if5:7ft; 
[0 8] a=ieajHB£*«aajEugB©K9iB-?« 

2— X>5>>. 3—aa^F, 4— »a#. 6 — ECU 
!7. 



[01 ] 



[0 2] 




C START ) 



T 



(return) 



ON 



OFF 

ON 
OFF 



-S10 



S12 



[0 8] 




6=r- 

At * 



JU 
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ms] me) 




1.4 1.6 1.8 2.0 2.2 
TJME(sec) 



tH7] 




0 0.2 0.4 0.6 0.8 1 



ga^SBgm h 3 *m l h a * taiffflrf h a ^kt i site h a * gift 
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(72)5g?S# m.m MX F^-A(#%) 3G084 AAOO BA04 BA20 BA27 DAOO 

SttI*l#tB»PriTll#» &5££ EC04 FA07 FA10 FA11FA38 

af>y-(<5 3G301 HA13 HAH HA19 JAOO LAOO 

LA01 NA09 ND41 PA01Z 
PA07Z PA11Z PE03Z 



